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1. Introduction
In Carrier Aggregation, the UE maintains a set of configured CCs where newly configured CC can be added and existing CCs in the set can be removed or replaced by a newly configured CC.
Hence new measurement events may be needed to allow the eNB to manage the set of configured CCs efficiently in terms of the number of measurement reports, the number of comparisons within the UE and the number of measurement configuration needed to be set up by the eNB.  The existing measurement events may be too cumbersome due to its link to a serving cell.  In this contribution, we investigate existing measurement event whether it is sufficient for each CC management function and if not, what new measurement event(s) maybe needed.
Furthermore, in the RAN2#69, it was agreed that there will be UL and DL PCC within a UL/DL configured CC set. Hence it is required to understand the possible definition of PCC with respect to measurement and find out what measurement events are needed to trigger PCC change. 
2. Discussion
2.1 CC Addition
As listed in the email discussion on generalisation of measurement [1], Event A4 Neighbours become better than threshold is one of the events which can be used for adding new CC to the set of configured CCs as this event does not have the concept of serving cell in it and any neighbour of a frequency that is better than an absolute threshold can trigger the event.  
However, if we use A3 and A5 as also suggested in [1], then we are tied to a serving cell/CC.  This association with the serving cell/CC means that the eNB has to notify the UE which SCC or PCC the comparison with the neighbours are for, hence require changes to specification as currently there is only 1 serving cell. Furthermore, it will also need to link each of the CCs that can be aggregated with each of the serving CC, which means high measId usage and comparison.  
Alternatively, the reference CC/cell can be the best configured CC or the PCC. Both of these will also fulfil the purpose of CC addition and also reduce the measId usage and comparison. However, both of these will impact specification, particularly Event A3-PCC and A5-PCC will be new events.  Unless it can be proven that the A3-Best/PCC and A5-Best/PCC can achieve something for CC addition that Event A4 can’t, we would prefer Event A4 to be the measurement event as the trigger for CC Addition for its simplicity.  However, this does not negate the definition/use of A3-Best /PCC and A5-Best/PCC for other use cases.  
As there are potentially many neighbours (neighbour CCs that can be aggregated and CCs that can’t be aggregated) that may be over the threshold, there is a need to restrict the CC Addition Event A4 to only a set of CCs/cells that can be aggregated so as to prevent many reporting.
Proposal#1: Event A4 is sufficient as the measurement trigger for CC Addition.
Proposal#2: If Event A4 is used for CC Addition, there is a need to devise a method to reduce the number of reporting (e.g. listing a list of non-configured CCs that can be aggregated) to prevent CCs that cannot be aggregated to be reported.
2.2 CC Removal

As suggested in [1], Event A2 is listed as one of the events for CC removal. In order to use this for CC removal, each configured CC will be configured with an Event A2 configuration with a threshold.  This will mean that the eNB will have to setup 1 measId per configured CC.  This may be ok if the same measurement configuration is also used for activating inter-frequency and inter-RAT measurement and activating PCC change measurement and also deactivation of DL CCs (if CQI is not configured). However, it is most likely that a different threshold will be used for those purposes and hence there will be many measIds for just Event A2. To improve on this, we can also set the Serving cell in A2 to correspond to the WORST configured CC (determined within the UE) and the benefit is:
· Reduces the number of measIds that the eNB has to configured the UE to indicate the serving/reference CC
· May reduce the number of measurement reports from the UE (e.g. if more than 1 configured CC triggers the same event)
Therefore, we think it is still worthwhile to propose a new event Event A2worst: Worst serving cell worse than threshold for CC removal if other use cases of Event A2 are not optimised (e.g. A2-PCC is not used for measurement activation etc.).
Proposal#3: If other use case (e.g. measurement activation and deactivating of CC when CQI is not configured) of Event A2 are not optimised, it is useful having Event A2worst: Worst serving cell worse than threshold can be used as the measurement trigger for CC removal to reduce the number of measIds to be configured and measurement reports.
2.3 CC Replacement

CC replacement is particularly useful in the use case when UE already has its maximum number of configured CCs based on the UE capability and the deployment scenario is Scenario 3 where the UE is moving between the boundaries of 2 CCs of F1 with an overlapping CC in F2. This may help in the least disruption on user traffic. If it is inter-frequency neighbours (CC not configured) while the UE is already at its maximum number of configured CCs, measurement gaps may have to be configured.
As listed in [1], Event A3 is suggested as a possibility for CC replacement (alternative to this is to receive Event A2 and A1 consecutively).   However Event A3 as defined today has some limitations: Event A3/5 again has association with a serving or reference CC.  With the existing Event A3/5, the eNB have to configure 1 measId for each configured CC. Furthermore, the number of comparisons and the reporting overhead are high since each configured CC has to compare with every aggregatable neighbour CCs
If RAN 2 believe that the use case of CC replacement is useful to optimise, we proposed a new event Event A3worst: Neighbour is better than the WORST configured CC for CC replacement or Event A5worst: WORST configured CC is worse than threshold1 and Neighbour is better than threshold2
Again a quick summary of the benefits of using A3/A5 WORST relative to the existing Event A3/5:

· Reduces the number of measId that the eNB has to configured the UE to indicate the serving/reference CC

· Reduces the number of comparisons within the UE

· Reduces the number of measurement reports from the UE (e.g. 1 neighbour triggers Event A3/5 for all serving CCs using existing mechanism)
Proposal#4: If RAN 2 believe that the use case of CC replacement is useful to optimise, it is proposed that Event A3worst: Neighbour is better than the WORST configured CC or Event A5worst: WORST configured CC is worse than threshold1 and Neighbour is better than threshold2 can be used as a measurement trigger for CC replacement
2.4 PCC change measurement handling
PCC change can be triggered for the following deployment/configuration scenarios:

1. current PCC is below a certain quality and a new PCC needs to be found among the configured DL CC set or outside the configured DL CC set
2. current PCC is not the best CC within the configured DL CC

3. the UE is moving out of the coverage of the best coverage cell

In trigger#1, the PCC is a cell which is good enough but may not be the best.  When the quality of the PCC falls below a threshold via Event A2, the eNB will initiate the UE to search for another PCC among the configured DL CC set. This may be based on:

a. Event A1 of every configured CC and Event A4 for non-configured CC
b. A new event comparing SCCs with PCC (Event Axx) and Event A3/5-PCC for non-configured CC.
Option a.: It is simple and does not require any specification change. For Event A1, it requires configuring a measId for every configured CC and the number of comparison within the UE is up to 5 (assuming max. up to 5 configured CCs per UE) and there will be a maximum of 5 reporting. For Event A4, the number of measId used and the number of comparison will be the number of non-configured but aggregatable CCs.
Option b. requires creating a new Event comparing SCCs with PCC and thus requires specification change. For the new Event Axx, if it uses the existing measurement object model of having 1 frequency per object, it still requires up to 4 measId. The number of comparison is 4 and the number of reporting may be less than 4. For Event A3/5-PCC, the number of measId used and the number of comparison will be the number of non-configured but aggregatable CCs.

In trigger#2, the PCC is always the best configured CC and there has to be a measurement that continuously searches for the best CC among the configured CCs. In this case, Option b. in trigger#1 is the only efficient option. The only question here is whether this will result in many PCC change and thus the increase in the amount of RRC signaling.
In trigger#3, the PCC is the biggest coverage cell. So as long as the UE is in the coverage of the PCC, no PCC cell change is required. PCC change will only occur when the UE moves across the PCC boundary. However PCC may need to be replaced by non-configured CC (e.g. prioritized Scenario 3) where the non-configured CC can be of the same or different frequency to the PCC. In this case, A3-PCC or A5-PCC as mentioned in [1] can be used for this purpose. 
In summary:

	Triggering scenario
	PCC change measurement

	1
	Event A1 (for SCC) and Event A4 (for non-configured CC)or 
Event Axx (for SCC) and Event A3/5-PCC (for non-configured CC) 

	2
	Event Axx (for SCC) and Event A3/5-PCC (for non-configured CC)

	3
	A3-PCC and A5-PCC


Hence, depending on the PCC change triggers, different measurement can be setup to help eNB decide on the next PCC. 

Proposal#5: RAN 2 is requested to discuss whether all triggering PCC change deployment/configuration scenarios below have to be supported: 

1. current PCC is below a certain quality and a new PCC needs to be found among the configured DL CC set or outside the configured DL CC set

2. current PCC is not the best CC within the configured DL CC

3. the UE is moving out of the coverage of the best coverage cell
And also decide on the different PCC change measurement for the different scenarios below:   
	Triggering scenario
	PCC change measurement

	1
	Event A1 (for SCC) and Event A4 (for non-configured CC)or 

Event Axx (for SCC) and Event A3/5-PCC (for non-configured CC) 

	2
	Event Axx (for SCC) and Event A3/5-PCC (for non-configured CC)

	3
	A3-PCC and A5-PCC


3. Conclusion

It is requested that RAN 2 discuss the following proposals:

Proposal#1: Event A4 is sufficient as the measurement trigger for CC Addition.

Proposal#2: If Event A4 is used for CC Addition, there is a need to devise a method to reduce the number of reporting (e.g. listing a list of non-configured CCs that can be aggregated) to prevent CCs that cannot be aggregated to be reported.
Proposal#3: If other use case (e.g. measurement activation and deactivating of CC when CQI is not configured) of Event A2 are not optimised, it is useful having Event A2worst: Worst serving cell worse than threshold can be used as the measurement trigger for CC removal to reduce the number of measIds to be configured and measurement reports.
Proposal#4: If RAN 2 believe that the use case of CC replacement is useful to optimise, it is proposed that Event A3worst: Neighbour is better than the WORST configured CC or Event A5worst: WORST configured CC is worse than threshold1 and Neighbour is better than threshold2 can be used as a measurement trigger for CC replacement
Proposal#5: RAN 2 is requested to discuss whether all triggering PCC change deployment/configuration scenarios below have to be supported: 

4. current PCC is below a certain quality and a new PCC needs to be found among the configured DL CC set or outside the configured DL CC set

5. current PCC is not the best CC within the configured DL CC

6. the UE is moving out of the coverage of the best coverage cell
And also decide on the different PCC change measurement for the different scenarios below:   

	Triggering scenario
	PCC change measurement

	1
	Event A1 (for SCC) and Event A4 (for non-configured CC)or 

Event Axx (for SCC) and Event A3/5-PCC (for non-configured CC) 

	2
	Event Axx (for SCC) and Event A3/5-PCC (for non-configured CC)

	3
	A3-PCC and A5-PCC
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